Monitoring ruffed grouse (Bonasa umbellus) in the Black Hills National Forest is a priority for forest managers due to the bird's status as the management indicator species for quaking aspen (Populus tremuloides) and its value to hunters and other recreational groups. We conducted drumming surveys, estimated occupancy, and assessed the influence of sampling and site variables to determine benchmark levels of precision for ruffed grouse occupancy and detection probability estimates. Using these estimates and simulations, we developed a monitoring protocol for ruffed grouse in the Black Hills. We then created a user-friendly program that uses monitoring data in Microsoft Excel to calculate ruffed grouse occupancy and detection probability estimates. (The program is available at http://www.fs.fed. us/rm/forest-grassland-lab/products/ruffed-grouse-occupancy.) The user's manual herein briefly describes the theory behind occupancy modeling and explains how to enter and analyze data and interpret results from drumming surveys. Additionally, we provide recommendations on which type of occupancy and detection probability estimates should be calculated, depending on the needs of the investigator. The program does not provide precision estimates for heterogeneous occupancy or detection probabilities.
Introduction
Ruffed grouse are a popular game species that depend on the health and availability of specific habitats (Barber and others 1989, Madison 1969) . Ruffed grouse inhabit early successional deciduous forests with inclusions of mature vegetation (e.g., aspen [Populus spp.] ) for cover from predators and acquisition of food (Kubisiak 1985 , Maxson 1989 , Sharpe and others 1997 . Because ruffed grouse depend on specific vegetation (usually aspen) for food and dense woody cover, they are considered an important indicator species for the condition and abundance of aspen communities (Barber and others 1989). As a result, ruffed grouse were selected as the management indicator species for quaking aspen (Populus tremuloides) in the Black Hills National Forest (BHNF) (U.S. Forest Service 1997).
Fire suppression, cattle grazing, and pine (Pinus spp.) expansion for timber harvest have caused extensive changes in the vegetation composition in the BHNF (Froiland 1990, Bartos and Shepperd 2003) . In particular, aspen communities have declined and have been replaced by either white spruce (Picea glauca) or ponderosa pine (Pinus ponderosa). Thus, management strategies such as burning, cutting, and fencing have been used in the last 20 years in an attempt to halt and reverse aspen declines (U.S. Forest Service 1997, Bartos and Shepperd 2003) . To evaluate whether aspen management and associated strategies have been effective in increasing the extent of aspen and ruffed grouse in the BHNF, monitoring is a necessity. Monitoring will provide managers with information on ruffed grouse status, trends, and habitat associations as it relates to implementation of the BHNF Forest Plan.
Past monitoring activities of ruffed grouse in the BHNF have not effectively evaluated ruffed grouse population trends because of inconsistent surveys, bias from conducting surveys only in vegetation types where ruffed grouse were expected to occur, and the failure to consider imperfect detection (SAIC 2005, M. A. Rumble, U.S. Forest Service, personal communication) . Occupancy modeling is one alternative for monitoring ruffed grouse in the BHNF that overcomes some of these deficiencies. Occupancy models have recently become popular because they do not assume all individuals are detected, only require the investigator to determine the presence or absence of the species from repeated surveys, and can be robust predictors of the proportion of the study area occupied when appropriate predictor variables are considered (MacKenzie and others 2002 , Crossland and others 2005 , MacKenzie and others 2006 . Additionally, using a multi-year design, an examination of the metapopulation dynamics of the species is possible by evaluating local extinction and colonization probability trends in the study area (Hanski 1994 , MacKenzie and others 2003 , MacKenzie and others 2006 . These trends might also be useful for future monitoring purposes as well as prescribing effective management strategies.
Drumming surveys (Petraborg and others 1953, McBurney 1989 ) paired with occupancy modeling were used to estimate ruffed grouse occupancy and detection probabilities in 2007 and 2008 (Hansen and others in press) . Those estimates were used in multi-year sample site simulations to determine the required number of sites and surveys to meet occupancy precision benchmarks (Hansen 2009 ). We used the results from Hansen (2009) to develop a monitoring protocol that will provide statistically defensible results on the status and trends of ruffed grouse in the BHNF. We describe how to complete this protocol below.
Sample Site Determination
To use an occupancy modeling design for monitoring, the investigator must define the sampling unit (i.e., site) and decide how the presence or absence of the species will be determined at each site (MacKenzie and Royle 2005) . The most widely used monitoring technique for ruffed grouse is roadside drumming counts (Petraborg and others 1953, McBurney 1989) . This technique involves stopping at established points along roads during the spring to listen for male ruffed grouse drumming. This is an efficient and effective method because male ruffed grouse drum consistently throughout the early morning (approximately every 2-4 minutes), making it easy to determine the presence of a ruffed grouse at a listening point (McBurney 1989) . This technique is also particularly well suited for use in the BHNF given the high road densities of 3.2 km/km 2 (Rumble and others 2005) . For drumming surveys, the most appropriate sampling unit is the radial area surrounding an established listening point. The radius is determined as the farthest distance at which a ruffed grouse can be heard. During 2007 and 2008 ruffed grouse drumming surveys in the BHNF, Hansen (2009) found that the farthest distance at which he could hear a ruffed grouse was 550 m. Thus, investigators should consider the 550 m radius surrounding each survey point (95 ha area) as the site.
Determining Survey and Site Requirements
Estimating the number of repeat surveys and the number of sites to survey during a monitoring season necessitates prior knowledge of the occupancy and detection probability of the study species in the study area Royle 2005, MacKenzie and others 2006) . Using occupancy and detection probability estimates from 2007 and 2008 (Hansen and others in press), Hansen (2009) found that three repeat surveys were the most efficient when detection probabilities were >0.3 during the monitoring season. Because the probability of detecting ruffed grouse in the BHNF was 0.27 (Hansen and others in press) , and because this probability will increase if surveys are completed during optimal detection conditions, investigators should conduct at least three surveys at each site during future monitoring practices.
To calculate the appropriate number of sites to survey, the investigator must first decide upon a sampling design. Hansen (2009) found that conducting the same number of repeat surveys at each site and surveying the same sites each year was the most efficient monitoring design for ruffed grouse in the BHNF. Next, the investigator must determine whether sites will be stratified throughout the study area or be randomly distributed. In the BHNF, Hansen and others (in press) found that ruffed grouse occupancy probabilities differed across strata defined by extent of aspen (Map 1). Therefore, it will be most efficient to stratify the sample and calculate separate site requirements for each stratum.
Using occupancy estimates for each stratum, an average detection probability, and three repeat surveys, the investigator may estimate the number of sites necessary to achieve the desired precision by entering the appropriate values into the multi-season application in Program GENPRES (Bailey and others 2007; http://www.mbr-pwrc.usgs.gov/software/ presence.html). Hansen (2009) found that 70, 171, and 455 sites should be surveyed each year for at least four consecutive years in high, medium, and low strata, respectively, to achieve an occupancy estimate within ± 50% of the true population occupancy, 95% of the time (given occupancy and detection probability estimates in the BHNF in 2007 and 2008) . Ultimately, the sampling requirements will be determined by the desired amount of precision and the occupancy and detection probabilities of ruffed grouse in the BHNF.
Cost
The primary costs associated with ruffed grouse monitoring will be manpower and vehicles. For future monitoring, we assume surveys will be completed from 1 May to 1 June and surveys will be conducted 5 days each week. Thus, there will be a maximum of 21 days available to complete surveys, assuming surveys will not be completed on days with inclement weather. If the number of sites recommended by Hansen (2009) (70, 171 , and 455 sites in high, medium, and low strata, respectively) are surveyed three times each, then the necessary number of survey events will equal: Map 1. Vegetation strata in the Black Hills National Forest. Strata were delineated by district with slight modifications to district boundaries. Strata represented low, medium, and high proportions of quaking aspen.
3 surveys * (70 high strata sites + 171 medium strata sites + 455 low strata sites) = 2,088 survey events
If each technician/volunteer can complete 10 surveys each day (Hansen 2009) , then the estimated number of technicians/volunteers needed to complete all survey events will be: 2,088 survey events / (21 survey days * 10 surveys/day/technician) ≈ 10 technicians/volunteers Each technician/volunteer will also need either a Forest Service or personal 4x4 vehicle to reach survey sites. During 2007 and 2008 surveys, each technician drove an average of 80 miles/day, depending on the distance to the survey routes (Hansen 2009 ). If 10 technicians drive 80 miles/day for 21 days, then 16,800 miles will be driven each year.
Finally, there will be equipment and maintenance costs such as All-Terrain Vehicles, Global Positioning Systems units, wind meters, thermometers, tire repair, oil changes, and so on. Total costs for a monitoring season will depend upon the amount technicians are paid and the number of volunteers recruited, the cost of gas and reimbursement rate, and the cost of equipment each season.
Note: These sample size estimates are on the high side. Our sample size estimates are based on occupancy and detection probability estimates from 2007 and 2008. Further, sample size estimates assume occupancy estimates are within ± 50% of the true population occupancy, 95% of the time (Hansen 2009 ). Managers might consider several sampling strategies given the numerous tradeoffs among available personnel, sample size estimates, and monitoring costs. For example, annual monitoring in the high and medium strata will offer insight into the general status of ruffed grouse in the BHNF. Because monitoring in the low strata requires substantially more sampling effort than the medium and high strata, managers might consider relaxing the precision for monitoring this stratum. While site requirements and cost are high to achieve the benchmarks used by Hansen (2009) , the estimated number of sites to achieve a particular level of precision will decline if occupancy of ruffed grouse increases. Sample site estimates and cost will also reduce if detection probability is maximized by monitoring during the month of May, during low wind speeds, near sunrise, and during good weather conditions (Hansen and others in press) . Finally, multiple years of monitoring will reduce sample size estimates and cost, thus, a long-term commitment to monitoring is necessary. In summary, if fewer sites are surveyed, then fewer technicians/ volunteers will be needed and less fuel will be consumed, which will reduce overall costs.
Site Identification
Once the sample size has been estimated, the investigator must then decide how and where to distribute the sites throughout the study area. To increase efficiency for 2007 and 2008 ruffed grouse surveys, Hansen (2009) placed survey sites along secondary (i.e., gravel) and primitive (i.e., dirt) roads using a stratified random sampling design, without replacement. Strata were defined by the proportion of aspen (low, medium, and high) compared to other vegetation, and a simple random sample was drawn within each stratum. Sites were not included along primary roads (i.e., paved and upgraded gravel roads) because traffic could interfere with the ability to hear drumming ruffed grouse. Further, Hansen (2009) constrained survey sites to be >1 mile apart to ensure independence among sites. Assuming the maximum distance a ruffed grouse can be heard is 550 m (Hansen 2009 ), approximately 91% of the BHNF is represented alongside these road systems.
We recommend that survey sites be selected from a random sample of the sites in each stratum monitored during 2007 and 2008 (Hansen 2009 ; Appendix A). There is a high degree of confidence that these sites are accessible and there is already two years of data on these sites, which will make occupancy trends more robust. However, if more sites are necessary in a stratum than what was previously sampled, sites should be randomly placed along secondary and primitive roads at least one mile apart using ArcGIS (Environmental Systems Research Institute, Redlands, California, USA). We also recommend dividing sites into regions and routes for organizational purposes and to maximize efficiency while monitoring. Region and route information are included for each site surveyed during 2007 and 2008 (Appendix A).
Survey Strategy

Survey conditions
It is important to conduct ruffed grouse drumming surveys during optimal detection conditions. In the BHNF, the optimal conditions for sampling ruffed grouse were between 1 May and 1 June, during wind speeds <10 mph, early in the morning (near sunrise), and when no precipitation (rain or snow) was occurring (Hansen and others in press) . Thus, drumming surveys should be completed during May from half an hour before sunrise until 5 hours after sunrise and should not be conducted during poor weather such as high winds (>10 mph) or moderate to heavy precipitation.
Drumming surveys
At each site, the investigator should listen for drumming ruffed grouse for 5 minutes on each survey and record, on provided data sheets (Appendix B), whether or not a grouse was detected drumming. A standardized 5 minute survey is used because ruffed grouse typically drum every 2-4 minutes during the breeding season (McBurney 1989) . If one or more grouse are detected, the investigator should record a "1" under the "presence/absence" column for the corresponding survey on the data sheet. If grouse are not heard, the investigator should record a "0." Other data that may be recorded at each site include date, time, temperature, weather conditions, and average wind speed (using a hand-held wind meter) during each survey. Although it is not necessary for monitoring, there is also space on the data sheet to record the azimuth and estimated distance (<50 m, between 50 and 150 m, >150 m) to the drumming ruffed grouse.
All sites should be surveyed once before the second survey is initiated. This order of surveys has some flexibility, but overall this should be the protocol. In total, at least 3 repeat surveys should be conducted at each site. Repeat surveys at individual sites should be spread across the sampling season (early May, mid-May, late May) and each repeat survey should be conducted at different times of the morning (at least an hour apart) to ensure that the time of survey does not influence detection of ruffed grouse. Additionally, repeat surveys should be conducted by different individuals to remove observer bias that may be associated with experience or ability to hear ruffed grouse drum.
Calculating Occupancy and Detection Probabilities
Once all surveys have been completed at all sites, the investigator should calculate occupancy and detection probability estimates using the Occupancy Spreadsheet Program described in Part II or other free software such as Program PRESENCE (MacKenzie and others 2006) or Program MARK (White and Burnham 1999) . The Occupancy Spreadsheet Program calculates estimates for occupancy and detection probability, provides the ability to view results from previous years, and offers guidance for how to interpret results. It does not, however, calculate occupancy and detection probability trends using regression methods such as estimating the percent incline or decline within a certain confidence limit. If the investigator desires to calculate occupancy and detection probability trends using regression methods, we suggest consulting literature (e.g., Sauer and Droege 1990, Dixon and others 1998) to determine which method of trend estimation is most appropriate to meet the needs of the investigator.
Part II.
User's Manual for the Ruffed Grouse Occupancy Spreadsheet Program Overview
Occupancy and detection probability estimates can typically be calculated using free software such as Program PRESENCE (MacKenzie and others 2006) and Program MARK (White and Burnham 1999) . However, learning how to use these programs can be time consuming and difficult. To simplify the calculation of occupancy and detection probability estimates, we have developed a spreadsheet program in Microsoft Excel that makes all the necessary calculations. This program calculates occupancy and detection probability estimates for ruffed grouse in the Black Hills National Forest (BHNF) using data from annual monitoring that is recorded into the spreadsheet. The user may download the program at http://www.fs.fed.us/rm/forest-grassland-lab/products/ruffed-grouse-occupancy.
Description
The occupancy modeling spreadsheet program uses a maximum likelihood estimation approach and multinomial likelihood framework to calculate single-season occupancy and detection probability estimates for ruffed grouse in the BHNF using detection histories (presence/absence data) and covariate ( This program includes separate worksheets for entering detection histories, sampling covariates that influence detection probability, and site covariates that influence occupancy. Each of these worksheets includes the 402 sites that were surveyed during 2007 and 2008 ruffed grouse drumming surveys (Hansen 2009 ) and 101 extra sites in case sample size increases in the future. Associated with each site are four survey events, allowing the user to complete up to four repeat surveys at each site, which was consistent with the level of sampling used and suggested by Hansen (2009) . Each worksheet has a "Continue" or "Back" button which allows the user to move forward or back through the worksheets in the program. Also, each worksheet has either a "Help" (?) or "Interpretation" option if directions or results are confusing. Finally, the "Read Me" section on the title worksheet provides further information about the program and occupancy modeling if the help and interpretation options in the program are not sufficient.
Occupancy Modeling
To properly estimate occupancy, two critical aspects of sampling animal populations must be accounted for: detectability and spatial variability in occupancy (MacKenzie and others 2006). Occupancy models assume the species of interest is detected imperfectly (MacKenzie and others 2002) . In other words, it is assumed that animals are not detected during each survey, even if they are present. Thus, to estimate occupancy accurately, repeat surveys are necessary at each site to obtain estimates of detection probability. Repeat visits to a survey site produce "detection histories." These detection histories form the basis for analysis because they allow the investigator to estimate a detection probability as well as an occupancy probability where the likelihood (L) can be written as:
where Ψ is the occupancy probability, p is the detection probability, and X i , i =1,..., n are the detection histories for n number of surveyed sites (Mackenzie and others 2006) .
To account for spatial and temporal variability in occupancy and detection probability, covariates may be included in the analysis. It is important to appropriately model covariates that cause heterogeneity in occupancy or detection probabilities because neglecting to do so might result in biased estimates of occupancy and detection probabilities and reduced inference about factors that influence these metrics (MacKenzie and others 2006).
Detection Histories
To calculate occupancy and detection probability estimates using this program, the user must first enter the detection histories for each site sampled in the "Detection History" worksheet, entering a "1" if a ruffed grouse was detected at the site during the specific survey, a "0" if a ruffed grouse was not detected, or a "-" if a survey was missed or a site was not surveyed.
Covariates
Next, the user may enter values for sampling covariates that influence detection probability estimates. During 2007 and 2008 surveys, Hansen and others (in press) found the factors that had the highest influence on the probability of detecting ruffed grouse were date, wind speed, time, and precipitation. Thus, the user may enter the date (mm/dd/yyyy), average wind speed (mph), time at the beginning of the survey (hh:mm), and whether or not precipitation occurred during the survey (coded as "1" for precipitation and "0" for no precipitation) at each site during each survey in the worksheet. The program automatically converts the date to an ordinal date and time to number format (for computational purposes) and then standardizes the date, wind speed, and time values into Z-scores using:
where x is the value, x r is the mean value, and v t is the sample standard deviation (Donovan and Hines 2007).
The program standardizes these values because if the values are too high or if there is too large a range in values, the program can have a difficult time converging on a solution. By standardizing, 99% of the data fall between -3 and +3 (Donovan and Hines 2007) . No standardization is necessary for the precipitation data because precipitation is a categorical variable.
The user may also enter site covariate values that influence occupancy on a separate worksheet ("Site Characteristics"). Hansen and others (in press) found that the spatial extent of aspen and spruce occurring within 550 m of the sample site was related to ruffed grouse occupancy. As a result, these covariates were included in the worksheet. In this worksheet, there are no repeat surveys because it is assumed that vegetation characteristics do not change throughout the sampling season. Thus, each site should have one value for each vegetation type for that monitoring season. Currently, the spatial extent of each vegetation type for sites from 2007 and 2008 surveys (Hansen 2009 ) are entered into the worksheet. However, vegetation attributes will change from year to year, so when ArcGIS BHNF vegetation layers have been updated, the user should update the values in the worksheet (see Appendix C). Once entered, these data are also automatically standardized into Z-scores. Using the detection histories and covariate values that were entered by the user, the program calculates occupancy and detection probability estimates by using the "Solver" option in Excel to maximize the likelihood of acquiring a particular detection history, given the histories and covariate values provided.
Calculating Constant Occupancy
Occupancy and detection probability estimates may be calculated for various situations, depending upon the biology of the study species, characteristics of the study area, and the needs of the investigator. If the investigator hypothesizes that site attributes are not influencing the presence of the study species throughout the study area, then it may be appropriate to only calculate one occupancy estimate for the study area. Similarly, if the investigator assumes that date, weather condition, observer, and so on have no influence on detecting the species, then one estimate of detection probability may also be appropriate. For this reason, this program provides the option of calculating both a constant occupancy and detection probability. Conversely, the presence of the species at a site might be influenced by the attributes of that site, and the probability of detecting the species might be influenced by sampling variables such as time, date, and weather conditions. In this case, the probability of the site being occupied will vary among sites and the probability of detecting the species on successive surveys will also vary. As a result, this program provides two options for calculating occupancy and detection probabilities that are a function of covariates. Because ruffed grouse select some vegetation attributes over others and the probability of detecting a ruffed grouse is influenced by time and sampling conditions (Hansen and others in press), calculating constant occupancy and detection probability estimates might not be the most appropriate for this species.
Calculating Occupancy as a Function of Strata
When calculating sampling effort for ruffed grouse surveys in the BHNF, Hansen and others (in press) hypothesized that ruffed grouse occupancy would depend upon the extent of aspen vegetation surrounding the site. As a result, he stratified the BHNF into high, medium, and low aspen proportion strata. Hansen and others (in press) also found that the probability of detecting ruffed grouse was a function of date, wind speed, time, and precipitation. This program gives the user the option to calculate occupancy as a function of vegetation strata and detection probability as a function of date, wind speed, time, and precipitation. If this option is selected, the model outputs an occupancy estimate for each of the three strata in the BHNF and an average detection probability estimate. Also, the user may view survey-specific detection probability estimates and graphs that display how date, wind speed, time, and precipitation influenced the probability of detecting ruffed grouse.
Calculating Occupancy as a Function of Vegetation Covariates
Hansen and others (in press) discovered that the area of aspen and spruce within 550 m of a survey point influenced ruffed grouse occupancy. Consequently, this program allows the user to calculate occupancy as a function of the spatial extent of aspen and spruce surrounding the survey point. This option provides the user with an occupancy estimate for each site as well as an average occupancy value. Also, this option assumes detection probability is a function of date, wind speed, time, and precipitation; thus, the user is provided with a detection probability estimate for each survey and an average detection probability estimate. This option is more robust than the previous two because it allows the user to estimate the probability that each site is occupied and determine at what times and conditions detection probability is maximized.
Viewing Qualitative Occupancy and Detection Probability Trends
The previous three options for calculating occupancy and detection probability provide the user with a "snapshot" of the state of ruffed grouse in the BHNF. Because trend information is typically much more useful to managers, the program is equipped with an option that allows the user to view the trend in occupancy and detection probability estimates since 2007 ("View Occupancy and Detection Trends"). This option will be useful because managers will easily have a qualitative view of whether occupancy and detection probabilities of ruffed grouse have been increasing, decreasing, or remaining stable, which will aid in prescribing effective management strategies. This option does not provide estimates of precision for occupancy and detection probability; thus, the user must use other occupancy software such as Program PRESENCE or Program MARK if precision estimates are desired.
Opening and Starting the Program
Download the program from http://www.fs.fed.us/rm/forest-grassland-lab/products/ ruffed-grouse-occupancy.
When opening the program from Windows Explorer or through the "file open" option in Excel, a security warning screen will appear. On this security screen, "Enable macros" should be selected to ensure all modules are available for use. If there are problems opening the program, the security level might be set too high on the computer.
This program uses the "Solver" option in Microsoft Excel to calculate occupancy estimates. Thus, "Solver" must be added to the Excel spreadsheet and referenced in VBA for this calculation to be possible.
Instructions for enabling macros, adding "Solver," and referencing "Solver" in VBA differ between versions of Microsoft Excel. Thus, the user should use the following instructions, conditional on the version of Excel he/she is using.
Microsoft Excel 2003
To check the security level in Microsoft Excel 2003, select "tools," "macro," and "security." Click the "Security" tab, and select "medium." This will ensure access to the macros available in this program.
To add "Solver" in Microsoft Excel 2003, select "Tools" and "Add-ins" from the dropdown window once the spreadsheet has been opened. Then, check the box next to "Solver Add-in."
To reference "Solver" in VBA for Microsoft Excel 2003 (once the spreadsheet has been opened):
-Click on the Tools tab, point to "Macro," and select "Visual Basic Editor" -Click on Tools, then References -Click Browse and navigate to: C:\Program Files\Microsoft Office\Office10\Library\SOLVER -Under "Files of type:" select "Microsoft Office Excel Files" -Select SOLVER -Click "Open" -Make sure "SOLVER" is checked under "Available References" -If "MISSING:SOLVER.XLA" is checked under "Available References", uncheck it -Click "OK," close Visual Basic Editor, and return to the Excel spreadsheet.
Microsoft Excel 2007
To check the security level in Microsoft Excel 2007 (once the spreadsheet has been opened):
-Click on the Microsoft Office button in the top left hand corner of the screen -Click "Excel Options" -Click "Trust Center" on the left side of the screen -Click "Trust Center Settings" -Click "Macro Settings" -Select "Enable all macros" to ensure access to the macros available in this program -Click "OK" -Click "Trust Center Settings" again -Click "ActiveX Settings" -Select "Enable all controls without restrictions and without prompting" -Click "OK" and exit out of the "Trust Center" and "Excel Options" windows To add "Solver" in Microsoft Excel 2007 (once the spreadsheet has been opened): -Click on the Microsoft Office button in the top left hand corner of the screen -Click "Excel Options" -Click "Add-Ins" on the left side of the screen -In the "Manage" box near the bottom of the screen, select "Excel Add-ins" -Click "Go" -In the "Add-Ins Available" box, check "Solver Add-In" -Click "OK" To reference "Solver" in VBA for Microsoft Excel 2007 (once the spreadsheet has been opened):
-Click on the Microsoft Office button in the top left hand corner of the screen -Click "Excel Options" -Check "Show Developer tab in the Ribbon" under "Top options for working with Excel" -Click "OK" -Select the Developer tab at the top of the screen -Select Visual Basic (located underneath the Microsoft Office button) -Click on "Tools," then "References" -Click Browse and navigate to: C:\Program Files\Microsoft Office\Office12\Library\SOLVER -Under "Files of type:" select "Microsoft Office Excel Files" -Select SOLVER.XLAM -Click "Open" -Make sure "SOLVER" is checked under "Available References" -If "MISSING:SOLVER.XLA" is checked under "Available References," uncheck it -Click "OK" and return to the Excel spreadsheet Warning: Occasionally "Solver" encounters errors and needs to be uninstalled and reinstalled. This may be the case if the message "Solver encountered an error in a target or constraint cell" appears. To uninstall "Solver," follow the directions above to install solver; however, uncheck the "Solver" box and click "OK.". Then, navigate back to the "Solver" box, re-check it, and click "OK.". This should refresh the "Solver" tool and permit its use.
Note: If buttons in the program do not work after reducing the security level and referencing Solver in VBA, try saving, closing, and restarting the program.
Using the Program
Title Worksheet
The first worksheet that is displayed after opening the program is the title worksheet, which shows a ruffed grouse drumming and reads, "Ruffed Grouse Occupancy in the Black Hills National Forest." This worksheet also contains two buttons: "Start" and "Read Me!" (Figure 1 ). Before beginning, we advise the user to review the "Read Me" to ensure he/she understands how to use the program and how to interpret occupancy and detection probability estimates. Selecting "Start" will prompt the user with a question, asking whether he/she has read the "Read Me" or user's manual. If "No" is selected, the program will not allow the user to continue. However, if "Yes" is selected, the program will automatically direct the user to the "Detection History" worksheet. 
Detection Histories Worksheet
The "Detection Histories" worksheet ( Figure 2) is the location where presence/absence data are entered. Provided in this worksheet is the strata and site identifications for 402 sites that were previously monitored (Hansen 2009 ). The strata identified in the previously surveyed sites represent three vegetation strata (high, medium, and low proportions of aspen) that largely represent the Bear Lodge, Northern Hills, Mystic, and Hell's Canyon Ranger Districts. Therefore, each site in the worksheet has a unique ID, starting with an H, M, or L, which represents the vegetation strata (high, medium, or low) where the site resides. These sites were located along secondary (gravel) and primitive (dirt) roads at least one mile apart in the portion of the BHNF north of Highway 16. Sites south of Highway 16 were not surveyed because of the extremely low occurrence of aspen and ruffed grouse (M. A. Rumble, U.S. Forest Service, personal communication). Also provided in this worksheet are 101 sites named "Extra." If the user surveys more sites than were surveyed in 2007 and 2008, he/she may use these "Extra" sites to enter the remaining data. The user should then give the new sites a unique identification in the "Site ID" cell and enter the name of the strata in which the site resides in the "Strata" cell.
Sites should be surveyed multiple times because the probability of detecting a species during a survey is almost always less than 100% (MacKenzie and others 2002). Hansen (2009) found that conducting three repeat surveys was the most efficient for ruffed grouse drumming surveys in the BHNF when detection probability was >0.3, and conducting four repeat surveys was the most efficient when detection probability was <0.3. Because the probability of detecting ruffed grouse was 0.27 in 2008 (Hansen and others in press), we have provided space in the "Detection Histories" worksheet to input data for up to four repeat surveys.
Occupancy studies require the observer to determine the presence or absence of a species by detecting any sign of the species of interest others 2002, 2006) . This protocol relies on drumming surveys of ruffed grouse. Therefore, to complete the "Detection Histories" worksheet, the user must record whether a ruffed grouse was detected (1) or not (0) at a site for each survey. If more than one ruffed grouse are detected at a site, only record "1" (this value does not signify the number of grouse heard, rather the fact that grouse were detected at that site). If a site was missed or not all four surveys were completed for the site, a "-" should be entered in the spreadsheet cell for those surveys. For example, in Figure 2 , site H-115 has the detection history: 0111. Thus, a ruffed grouse was not detected drumming during the first survey, but was detected during survey 2, 3, and 4. Detection histories must be completed for each site surveyed; otherwise, occupancy estimates will be inaccurate.
Note: It is not necessary to survey all sites for occupancy estimates to be calculated correctly. The user must simply enter "-" in each of the survey cells for the sites not surveyed (e.g., site H-114 in Figure 2) . Warning: Only "1", "0", or "-" should be entered into cells in this worksheet. If any other numbers or symbols are entered into these cells or cells are left blank, occupancy estimates will not be computed correctly. Also, accurate occupancy estimates assume that the data for sites and strata are entered correctly. If entered incorrectly, an error message will appear that will read, "Occupancy estimates have not been calculated correctly! Check detection histories and covariates for empty cells or detection history values other than '1', '0', or '-'."
After entering detection histories, the user may select "Continue," "Back," or "Clear." Selecting "Continue" will direct the user to the next worksheet. Selecting "Back" will move the user back to the title worksheet and selecting "Clear" will clear all the detection histories from the worksheet. After selecting "Clear," the user is prompted with the question "Are you sure you want to clear all detection histories?" Selecting "OK" will clear all detection histories and automatically enter "-" in each of the cleared cells. Selecting "Cancel" will return the user to the "Detection Histories" worksheet without any alterations to the data. Figure 2 . View of the "Detection Histories" worksheet in the occupancy spreadsheet (with example data). Users are provided with 402 unique sites and 101 extra sites with four repeat surveys for each site. An entry of "1" represents a ruffed grouse drum was heard during the survey, "0" represents no drum was heard, and "-" represents a survey that was not completed.
Covariates Worksheet
Selecting "Continue" directs the user to the "Covariates" worksheet, which provides the option of entering the date, average wind speed, time, precipitation, and site characteristics (Figure 3) . Selecting "Date" will direct the user to a worksheet in which the date of each survey at a site may be entered (Figure 4) . The user must enter the date in the format mm/ dd/yyyy and enter the year surveys were conducted underneath the cell labeled "Year." If a site was not surveyed, or less than 4 surveys were completed at a site, the user must enter a "-" for that cell. Selecting "Wind" will direct the user to a worksheet in which the average wind speed (mph) may be entered for each survey at each site ( Figure 5 ). Average wind speeds should be collected during each survey using a hand-held wind meter. If a site was not surveyed, or less than 4 surveys were completed at a site, the user must enter a "-" for that cell. in which users enter average wind speeds (mph) for up to four surveys at 503 sites.
Covariates
Selecting "Time" will direct the user to a worksheet in which the time of the beginning of the survey may be entered for each site (Figure 6 ). The user must enter the time in the format hh:mm. If a site was not surveyed, or less than 4 surveys were completed at a site, the user must enter a "-" for that cell. Selecting "Precipitation" will direct the user to a worksheet in which the user may enter whether or not precipitation (e.g., mist, rain, or snow) occurred during the survey (Figure 7) . If precipitation occurred at any time during the survey, the user should enter "1" and if no precipitation occurred, the user should enter "0." If a site was not surveyed, or fewer than four surveys were completed at a site, the user must enter a "-" for that cell. Figure 7 . View of the "Precipitation" covariate worksheet in the occupancy spreadsheet (with example data) in which users enter whether precipitation occurred during the survey for up to four surveys at 503 sites. A "1" signifies precipitation occurred during the survey and a "0" signifies no precipitation occurred.
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Selecting "Site Characteristics" from the covariates worksheet directs the user to a worksheet for entering the acreage of aspen and spruce within 550 m of the site (Figure 8 ). Instructions for calculating vegetation areas within 550 m of the site can be found in Appendix C. For any sites that do not contain a vegetation type, a "0" should be entered in the cell. However, for sites that were not surveyed, a "-" should be entered in each cell. 
Occupancy Worksheet
After completing the covariates worksheets, the user must select "Continue," which will direct him/her to a worksheet with four options for calculating occupancy: "Calculate Constant Occupancy," "Calculate Occupancy as a Function of Strata," "Calculate Occupancy as a Function of Covariates," and "View Occupancy and Detection Trends" (Figure 9 ). Each of these options uses the "Solver" tool within Microsoft Excel to find beta values for occupancy and detection probability that maximize the log-likelihood of obtaining the detection histories entered. Upon selecting one of these options, "Solver" will converge upon a solution and, after a few seconds, a message box will appear, reading: "Solver has converged to the current solution. All constraints are satisfied." Clicking "OK" on this message box will direct the user to the occupancy and detection probability estimate output worksheets.
Note: If, after one of the occupancy options is selected, the solver message box appears and says "Solver encountered an error in a target or constraint cell," the solver may not have been added to the spreadsheet or the solver needs to be uninstalled and re-installed. To do this, the user should refer to the "Opening and Starting the Program" section above. The assumption when calculating a "constant" occupancy and detection probability is that occupancy and detection probabilities do not vary in time, space, or weather conditions (MacKenzie and others 2002). Selecting the "Calculate Constant Occupancy" option will provide the user with one occupancy and detection probability estimate, two measures of precision (standard error [SE] and the coefficient of variation [CV] ), and the total number of sites surveyed (Figure 10 ). This option is usually not appropriate for ruffed grouse because ruffed grouse select aspen vegetation for life requirements and they typically drum during specific times and conditions (Gullion 1966, Zimmerman and Gutiérrez 2007, Hansen and others in press) . However, the advantage of calculating constant occupancy and detection probabilities is that it is possible to calculate a measure of precision for occupancy estimates. There is not a way, using this program, to calculate precision estimates for occupancy or detection probabilities that are not constant. For this reason, we recommend the user only use this option if estimates of precision are required.
Note: Estimates of precision can be obtained when occupancy and detection probability are heterogeneous (i.e., not constant) using free software such as Program PRESENCE (<http://www.mbr-pwrc.usgs.gov/software/presence.html>) or Program MARK (<http://welcome.warnercnr.colostate.edu/~gwhite/mark/mark. htm>).
"Calculate Occupancy as a Function of Strata" option
In the BHNF, sites were divided among three strata based on the extent of aspen described previously (Hansen 2009 ). Thus, selecting "Calculate Occupancy as a Function of Strata" provides the user with an estimate of occupancy for each stratum (Figure 11 ). This option also assumes detection probability is a function of date (quadratically), wind and time (linearly), and precipitation (categorically) because these variables influenced the probability of detecting ruffed grouse during 2007 and 2008 monitoring (Hansen and others in press) . As a result, survey-specific detection probabilities can be estimated and viewed by selecting "View Survey-Specific Detection Probabilities." This option also provides a graph of the distribution of detection probabilities throughout the sampling period (Figure 12) . Finally, by selecting "View Detection Probability Graphs" the user may view four graphs demonstrating the influence of date, wind speed, time, and precipitation on detection probabilities (Figure 13 ).
To calculate sample size estimates for future ruffed grouse monitoring, it is necessary to have an occupancy estimate for each stratum. Therefore, we recommend using this occupancy calculation option when sample size calculations for each stratum are necessary. Unfortunately, this program cannot calculate estimates of sample size for multi-year monitoring. However, estimates of sample size can easily be calculated using Program GENPRES (Bailey and others 2007), which can be downloaded for free from: http://www. mbr-pwrc.usgs.gov/software/presence.html.
Note: Because occupancy and detection probabilities were not constant using this option, SE and CV cannot be calculated for occupancy estimates using this program. Estimates of occupancy for each stratum and average detection probability are provided, including the options for viewing survey-specific detection probabilities and detection probability graphs. No. Sites Figure 12 . View of example survey specific detection probability (p n ) estimates and detection probability distribution bar graph; provided after selecting "View Survey Specific Detection Probabilities" on the "Occupancy as a Function of Strata" output worksheet (Figure 11 ). Occupancy estimates that incorporate site covariates provide a robust view of the heterogeneity and distribution of occupancy probabilities across the study area (MacKenzie and others 2006). Selecting "Calculate Occupancy as a Function of Covariates" provides the user with ruffed grouse occupancy estimates in the BHNF that are a function of the area of aspen and spruce within 550 m of the survey site. Also, similar to "Calculate Occupancy as a Function of Strata," selecting this option provides detection probability estimates that are a function of date in a quadratic form, wind and time in a linear form, and precipitation categorically. On the output worksheet, average estimates of occupancy and detection probability are provided (Figure 14) . Also, by selecting "View Site-and Survey-Specific Occupancy and Detection Probabilities" the user is provided with estimates of occupancy at each site and the detection probability during each survey (Figure 15 ). Selecting "View Detection Probability Graphs" displays four graphs that demonstrate the effects of date, wind speed, time, and precipitation on detection probability, similar to those created for the "Calculate Occupancy as a Function of Strata" option ( Figure 11 ). Selecting "View Occupancy Probability Graphs" displays a graph that demonstrates the influence of the area of aspen and spruce on occupancy probability (Figure 16 ).
Estimate
Survey-Specific Detection Probabilities
Including the covariates described above improved the performance of the ruffed grouse occupancy model and reduced bias in occupancy estimates (Hansen and others in press) . That is, including the covariates explained more variation than other candidate models that excluded the covariates. As a result, we recommend using this option because it will provide occupancy and detection probability estimates with the least bias and provide crucial information about when and during what conditions the probability of detecting ruffed grouse is maximized. By maximizing detection probability, sample site estimates for future surveys will reduce (Hansen 2009 ).
Note: Because occupancy and detection probabilities were not constant using this option, SE and CV cannot be calculated for occupancy estimates using this program. Average estimates of occupancy and detection probability are provided, including the option of viewing site-and survey-specific probabilities, detection probability graphs, and occupancy probability graphs.
Estimate
No. sites Occupancy Probability 0.111 Detection Probability 0.272
Back Interpretation
View Occupancy Probability Graphs View Detection Probability Graphs View Site-and Survey-Specific Occupancy and Detection Probabilties Figure 15 . View of example site-specific occupancy and survey-specific detection probability (p n ) estimates and occupancy probability distribution bar graph; provided after selecting "View Siteand Survey-Specific Occupancy and Detection Probabilities" on the "Occupancy as a Function of Covariates" output worksheet (Figure 14) . A detection probability distribution graph is also provided, which resembles the graph presented in Figure 12 . "View Occupancy and Detection Probability Trends" option
Site-and Survey-Specific Probabilities
The reason for monitoring management indicator species is to evaluate trends in occupancy over time. As a result, we've included a worksheet that displays the trends in occupancy and detection probability. Selecting "View Occupancy and Detection Trends" directs the user to a worksheet that includes a table and graph with occupancy and detection probability estimates from previous years of surveys (Figure 17) . To include the current year's occupancy and detection probability estimates, the user may select "Add Current Year." Selecting this option will calculate occupancy and detection probability estimates using the "Calculate Occupancy as a Function of Covariates" option because this option provided estimates with the least bias. If the user desires precision estimates for occupancy and detection probability trend data, we recommend using either Program PRESENCE or Program MARK (see above for URL addresses).
Note: This worksheet is meant to provide a qualitative analysis of trends in occupancy and detection probability over time. If the user desires to calculate occupancy and detection probability trends using regression methods (e.g., Sauer and Droege 1990, Dixon and others 1998) , other software such as Program R (http://www.r-project.org/) or Statistical Analysis System (SAS, http://www.sas. com/) should be used.
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